Abstract
Introduction

50
The annual global consumption of pesticides is estimated to be 24 million tons as active Rice-farming herbicides easily enter natural river waters at higher rates than other 61 pesticides used in upland farming because they are applied to paddy fields where a large 62 amount of water is irrigated, ponded, and drained during the rice-farming seasons (Narita 63 et al., 2014). According to a national survey of drinking and source water quality (Matsui, of TFT that is shipped annually, raises concern that TFT should be monitored in drinking 94 and source waters.
95
Accordingly, the aim of this research was to develop a method to analyse TFT in water, 96 to reveal its presence in drinking and source waters, and to investigate its behaviour 97 during the water purification process. Importantly, we identified a degradation product of 98 TFT during the chlorination process, the presence and behaviour of which are also 99 described.
101
Materials and Methods
103
Sampling points of river waters
104
Twelve rivers that flow through Kanagawa prefecture were selected for water sampling. waters has yet been reported, we developed one (Fig. S3 in SI) in this study after referring 118 to the analytical method for neonicotinoid pesticides because of their similar low Log-119 through a glass fiber filter with nominal pore size of 1.0 µm (GA-100, Advantec Toyo 121 Kaisha, Ltd.) and adjusting the filtrate to pH 3.0 by adding formic acid (the pH adjustment 122 is less than necessary: it was implemented for the simultaneous analysis of other 123 pesticides), a specified volume (250 mL) of the resultant sample water was passed 124 through an Oasis HLB cartridge (250 mg, Waters Corporation, USA) at a 5 mL/min flow 125 rate by using a concentrator; the Oasis HLB was previously rinsed and conditioned with were conducted using distilled water and river water spiked with reagent-grade TFT
136
(Wako Pure Chemical Industries, Ltd. JAPAN) to obtain a concentration of 2 µg/L, which 137 is equivalent to the prospective reference concentration in JDWQG. Each test was 138 conducted five times, and the average recovery rate was determined.
139
The liquid chromatography tandem-mass spectrometry (LC-MS/MS) (ACQUITY UPLC
140
System and Quattro Premier XE, Waters Corporation, USA) analytical conditions used 141 are shown in Table S1 . The monitor ion and confirmation ion were set to m/z＝340.8 and 142 m/z= 262.0, respectively. After creating a calibration curve, the detection limit was fixed.
143
The same analytical procedure was applied to the quantification of a degradation product.
144
The monitor and the confirmation ions for the degradation product were set at m/z = 247.0 145 and 85.0, respectively. The TFT analyses of the samples taken at the 8 prefectures were 146 conducted at each local waterworks authority according to the above-described method 147 with some modifications. Further details are provided in Table S2 (SI).
148
The quantification limit of TFT was 0.02 µg/L (Table S2 ). The coefficients of variance 149 (CVs) for multiple analyses (n = 5) at 0.02 µg/L were 12.0% and 19.6% for distilled water 150 and the river water, respectively. The recovery ratios, by solid phase extraction and elution,
151
were fairly good; they were 118% (n = 5) and 116% (n = 5) for distilled water and the The chlorination degradation product formed in these chlorination experiments was first 
172
The structural formula was further confirmed by using orbitrap-tandem-mass MS/MS analysis, the resolution was set to 17,500, with an isolation window of 5 amu.
186
The collision energy was normalized between 10 and 60%, and the AGC target was 2×10 5 .
187
To confirm the chemical structural formula of the degradation product and to quantify it, calibration curve, the minimum determination limit was fixed (Table S1 ). Pretreatment
192
for the extraction and elution using the Oasis HLB cartridge was not conducted because as that in the influent water (Fig. S7) . However, TFT disappeared after sand filtration and 262 chlorination. It is highly probable that the TFT reacted with the chlorine and degraded.
263
We therefore hypothesized that degradation products were formed from the TFT during 264 chlorination rather than the TFT being completely mineralized. Orbitrap-MS chromatograms were obtained in the positive mode before and after 268 chlorination of the TFT-containing solution (Fig. 3) . No peak corresponding to TFT was 269 observed for the sample after chlorination, but a single peak was observed, suggesting the 270 production of a main degradation product. The MS spectra for the peak showed a 271 molecular ion at 349.052, which indicated a compound consisting of C14H17ClO6S. From 272 these data, we estimated the structure and proposed that the main product was probably confirmed by observing that the ratio of the two major fragments for the chlorinated TFT 285 solution was the same as that for a reagent-grade version of CMTBA.
286
Quantification of the TFT and CMTBA concentrations before and after chlorination are 287 shown in Fig. 4 . The CMTBA concentration after chlorination was almost the same as the
288
TFT concentration before chlorination. TFT was not detected after chlorination. The results of acute toxicity tests in rats indicate that the acute toxicities are low (LD50 > 336 2500 (mg/kg) for TFT and > 2500 (mg/kg) for CMTBA) (FSC, 2009 
343
The ADI for TFT was derived from a two-year chronic toxicity test with rats that 344 confirmed that corneal opacity and keratitis could occur at the lowest dose (FSC, 2009).
345
The mechanism behind this corneal effect in rats is HPPD inhibition: triketone-based HPPD, thereby blocking the formation of homogetisate, which leads to foliage bleaching.
349
In an in vitro study using the HPPD of arabidopsis thaliana, a popular model plant, the 
358
Compared with TFT, overall, CMTBA is considered to have no higher chronic toxicity 359 through the HPPD inhibition, which facilitates the establishment of the ADI of TFT.
360
However, given the high concentrations of CMTBA found in drinking waters, further 361 study of its toxicity might be needed to confirm that CMTBA is indeed lower in the 362 chronic toxicity than TFT. 2) TFT was not removed by coagulation, but it was 100% transformed by chlorination to
373
CMTBA. CMTBA was stable in the presence of chlorine. 
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